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Abstract

Introduction. During puberty, the young body undergoes transformation not only within the reproductive and hormonal sys-
tems, but also significant changes in the central nervous system (CNS). Matured neural connections improve the integration
of distant brain regions, the plasticity of neurons increases, and thus specialization of the brain occurs in the performance of
specific tasks. During these transformations, both neurons and the accompanying neuroglia are sensitive to all toxic factors,
among which ethanol occupies a special place. It causes an increase in the activity of glial cells, which by directing pro-inflam-
matory cytokines directly contribute to the death of apoptotic neurons. A long-lasting and irreversible impairment of brain
function, especially in the hippocampus occurs as a result of alcohol abuse during the period of development.

Aim. This paper presents an overview of current knowledge about the effects of alcohol on neuroglia in the developing brain
and in adults.

Materials and methods. The literature review of the following databases has been conducted: EBSCO, PubMed, Science Direct,
Springer Link.

Conclusions. The results of alcohol research have shown that it affects the neurotransmission and fluidity of cell membranes,
changing the activity of neurons. By binding to GABA receptor (GABA) and N-methyl-D-aspartate receptors (NMDA receptor
for glutamate), ethanol suppresses brain function. In addition to increased sensitivity and susceptibility to the addictive effects
of ethanol, the neurogeneration activity is intensified followed by the induction and release of pro-inflammatory cytokines,
which in the first stage disrupt the cortical function hindering logical thinking and disrupting the limbic system, directly af-
fecting the memory and learning processes. Next, the cerebellum is attacked, which results in the impairment of balance and
motor coordination, and consequently acts on the brain stem, directly affecting the respiratory and circulatory control centers.
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Introduction

For a long time it was believed was that glial cells are
mainly supportive, nutritious and adjuvant to neurons.
In the era of the science progress and the development
of histological techniques, the knowledge about neuro-
cognitive cells has been extended to include their active
participation in the neuronal functions of information
transfer and neuronal plasticity, which forms the ba-
sis in the processes of learning and memory. Glial cells
alone do not conduct nerve impulses, but supports neu-
rons in this function. Neuroglia has important functions
in forming synaptic structures, and thus in synaptic
transmission, and participates in developmental my-
elination of nerve fibers.! The results of alcohol research
showed not only increased susceptibility of the brain to
the addictive effects of ethanol, but also increased activ-
ity of glial cells that contribute to the release of factors
associated with inflammation. The consequence of this
process are morphological changes in myelin sheaths
leading to the death of apoptotic neurons. In addition,
these processes are accompanied by impairment of cog-
nitive abilities and disturbances in behavioral responses.
Interactions between glial cells suggest that therapies of
alcoholism based on the pathology of specific types of
neuroglia may contribute to the understanding of inter-
actions between different brain cells.?

Alcoholism

According to the definition of the National Institute of
Alcohol Abuse, alcoholism is a chronic, recurrent ce-
rebral disease, consisting of compulsive use of alco-
hol, loss of control over its consumption and a negative
emotional state in the absence of it. The consequences
of alcohol abuse are various pathologiese.g. behavior-
al or neurological ones, which are dependent on met-
abolic disorders at the cellular level. Such disorders in
the nervous system contribute to the incorrect exchange
of information between brain centers that control al-
cohol consumption and regions involved in emotional
and cognitive regulation. This leads to significant chang-
es in the structure and functioning of the brain, and
neuropathological consequences lead to dementia. Al-
cohol-induced brain changes are also reflected in struc-
tural damage in the gray and white matter.?

Glial cells

CNS disorders are more and more often considered not
only related to neuronal dysfunction, but to a large ex-
tent controlled by inflammatory processes controlled
by glial cells. In many neurodegenerative diseases, e.g.
in multiple sclerosis (MS), Alzheimer’s disease (AD),
stroke or Parkinson’s disease (PD), glial cells are in-
volved in the disease process.*” The normal activity of
neurons and their survival are fully dependent on inter-
action with glial cells that support them in neurotrans-

mission, strengthen functional potentials, participate in
the repair of brain damage, act neuroprotective and are
involved in providing substrates necessary for the pro-
duction of many neurotransmitters, as well as in their
decomposition.Ependymal glia, astrocytes, oligoden-
drocytes are the basic cells present in CNS apart from
the neurons.! Microglia and astrocytes are responsible
for the immunological functions and play a key role in
the inflammatory response. It is presumed that astro-
cytes can be formed indirectly from radial glia, one of
which is the formation of scaffolding for newly formed
neurons.’

One of the astrocyte divisions relates to their ability
to respond to CNS damage. Inactive, resting and reac-
tive astrocytes were distinguished. The resting type ex-
ists in normal, unchanged glial tissue in the CNS, while
reactive astrocytes locate closer to the site of injury and
together with microglia participate in the formation of
glial scars.® Astrocytes support a number of activities
necessary for the functioning of neurons, including par-
ticipation in the formation and maintenance of selec-
tive, necessary for the proper functioning of the CNS
blood-brain barrier (BBB) thus protecting the brain
from the influx of toxic substances and ions, regulate
extracellular concentrations of ions and neurotrans-
mitters, synthesize metabolic substrates for neurons
(glycogen, sterols and lipoproteins), remove excess neu-
rotransmitters (glutamate) released by active neurons.’
In addition, they secrete growth substances such as
nerve growth factor (NGF), brain-derived neurotrophic
factor (BDNF) or fibroblast growth factor (FGF) playing
important roles in the repair and growth processes of
neurons. Like most glial cells, astrocytes may play a pri-
mary role in CNS diseases®. Microglia ensures mainte-
nance of homeostasis in the CNS, monitors the survival
of neurons and acts as immunologically competent cells.
The microglial cells originate from macrophages located
outside the nervous system and are dispersed through-
out the CNS. They migrate to the nervous system during
fetal life. In the normal brain and spinal cord, microg-
lia cells are inactive, which is why they are called rest
microglia. When damage occurs in the CNS, the num-
ber of these cells increases rapidly and become effector
cells of the immune system. Activation of microglia re-
sults in a change in their morphological characteristics.
Their proliferation, changes in receptor expression and
change in function are induced, and the stimulus that
contributes to such changes is most likely the depolar-
ization of the neuronal membrane that arises as a result
of damage. A significant part of activation of microglia
also play pro-inflammatory cytokines, growth factors,
complement proteins, free radicals, neurotoxins, nitric
oxide, prostaglandins, ATP and stimulating amino ac-
ids. Activated microglial cells are able to produce many
growth and inflammatory factors.”*?
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Ependymal glia plays key roles in the processes of
CNS development and physiology. Under normal con-
ditions, specialized ciliated ependymal cells create a
cerebrospinal fluid barrier - the brain, participating ac-
tively in cellular filtration in CNS.*

The speed and efficiency of nerve impulses transmis-
sion within the nervous system is based on the presence
of myelin sheaths - structures produced by oligoden-
drocytes, which protrusions form a spiral membrane
around the axons of many neurons. Oligodendrocytes
appear and differentiate last in the developing brain.
They actively participate in the metabolic transforma-
tion of neurons due to the possibility of supplying them
with iron."” Oligodendrocytes are mainly associated
with the white matter of the brain, and their main func-
tions include the formation of myelin sheaths around
neuronal scars. Damage to white matter and loss of oli-
godendrocytes are features of many neurodegenerative
diseases. In response to oligodendrocyte damage, oli-
godendrocyte precursor cells (OPCs) initiate their pro-
liferation and differentiation for remyelination. During
the destruction of oligodendrocytes, their cytoplasm
vacuoles and their nucleus becomes pycnotic. Although
the mechanisms of oligodendrogenesis and remyelin-
ation in CNS diseases are still largely unknown and un-
der-researched, support for other glial cells and neurons
is necessary for the proliferation and differentiation of
OPC.'!® Understanding these complex glial-neuronal
interactions may contribute to the treatment of brain
injuries and neurodegenerative diseases.""

Effect of alcohol on glia and central nervous
system (CNS) structures
Post-mortem examinations in humans have shown that
long-term alcohol intake leads to myelin damage to var-
ious degrees, causing its damage at the macroscopic lev-
el. Disorders of myelin sheaths have been observed in
diseases such as Marchiafavy-Bignami’s disease, Wer-
nicke-Korsakoff syndrome, hepatic encephalopathy,
central pontine myelinolysis, alcoholic cerebellar degen-
eration, and these mainly affect the areas of the white
matter of the brain. In these disorders, BBB damage oc-
curs or nutritional deficiencies associated with lack of
thiamine occur.®

One of the areas most exposed to ethanol is the cor-
pus callosum (CC), which is the place where information
is transmitted between the right and left hemispheres of
the brain. Human CC begins to develop around the fifth
week after fertilization, at the time of formation of brain
follicles and continues throughout the second trimes-
ter. During this period of life, the developing brain is the
most sensitive to alcohol. This area of the white matter
consists mainly of about 200 million myelinated axons,
which carry nerve impulses to the receptors, glial cells -
mainly oligodendrocytes and blood vessels.?! CC is an in-

tegral part of motor function and is involved in higher
cognitive processes such as verbal learning, memory, pro-
cessing of abstract or complex concepts.?

In studies relating to the CC area in alcoholism, it
has been shown that there is a significant reduction of
oligodendrocytes and a decrease in the expression of
genes associated with specific myelin proteins such as:
myelin basic protein (MBP), myelin proteolipid pro-
tein (PLP), myelin-associated glycoprotein (MAG) or
2’3’-cyclic nucleotide 3’ phosphodiesterase (CNPs) that
are necessary for its production.” In the case of CC the
strongest atrophy is observed in its parts: trunk (body),
genu and splenium. This applies mainly to damage to
sheaths and blood vessels.?* Alcohol disturbs the expres-
sion of major oligodendrocyte and myelin proteins, and
during prenatal development it can induce oligodendro-
cyte apoptosis, leading to drastic reduction of already
differentiated oligodendrocytes and their progenitor
cells in the CC area. After discontinuation of exposure
to alcohol, the populations of these cells return to the
original number. However, it has been shown that in
young adult mice there are shortages in the level of MBP
or in the structure of nerve fibers in the CC area.>*

The CC atrophy in alcoholics is correlated with the
consumption of alcohol throughout all life. It is partic-
ularly evident in the prefrontal area of CC in patients
with Wernicke’s alcohol encephalopathy, and the ex-
treme manifestation of alcohol toxicity in CC is Mar-
chiafava-Bignami disease, which mainly affects older
alcoholics. It is characterized by demyelination, necro-
sis and cystic degeneration of the middle layer of CC.**

Other areas of the brain exposed to the harmful ef-
fects of alcohol are the forebrain and the cerebral cor-
tex, which are the first to manifest disorders related to
motor coordination and disturbances in the thinking
process. The effect of these changes is the loss of con-
trol over emotions, increased memory loss for which the
midbrain is responsible, and as a consequence, the most
important vital activity centers located in the brain stem
are damaged.”*

Animal studies show that high doses of alcohol in-
hibit the growth of new neurons, and this deficiency
causes long-term deficits in key areas of the brain such
as the hippocampus.***' Even a small dose of alcohol,
especially during adolescence, contributes directly to
the reduction of its volume and difficulties in acquiring
knowledge. Until recently, it was assumed that the num-
ber of neurons in the adult brain was established early
in life, but it turned out that new cells are generated in
adults by neurogenesis. They originate from stem cells
that can divide without limitations, renew and initiate
the growth of different cell types. Discovery of brain-
stem cells and neurogenesis in adults allowed a new
way to look at the problem of alcoholic changes in the
brain.*
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Drinking alcohol during pregnancy can cause many
changes in the brain of the developing fetus, which are
associated with both physical and mental development.
The most known and the most serious syndrome of con-
genital malformations in children is a group of condi-
tions, called fetal alcohol syndrome (FAS). Children
with FAS have different facial features and are signifi-
cantly smaller than average. Their brains contain fewer
nerve ganglia and fewer neurons able to function prop-
erly.*?** Incorrect activation of the developing immune
system can have long-term negative consequences.
There is an increase in the level of such pro-inflam-
matory cytokines as: IL-1p, TNF-a, CD11b, CCL4 and
TGEF-B, which activates microglial cells especially in the
hippocampus. Activation of microglia contributes to
deficits in learning and memory, especially in children
diagnosed with FAS. The effect of these activities is the
induction of neuroimmune responses, resulting in long-
term changes in cognitive functions and behavior.*®

Particular sensitivity to harmful effects of alcohol
during adolescence was observed in the olfactory and
peri-nasal cerebral cortex areas of rats. In these areas
there are time intervals known as “windows” with a de-
cidedly high and selective susceptibility to the harmful
effects of alcohol. Ethanol induces sensitization and po-
tentiation of neuronal conduction along with intense
prefrontal cortex activation, predisposing to increased
alcohol intake and addiction in adult life.*

Glial cells are actively involved in the immune re-
sponse in the CNS, and their dysregulation has a
significant impact on brain damage leading to neurode-
generation. Glial cells play a significant role in the CNS
immune response. Ethanol has immunomodulatory ac-
tivity and induces specific changes in tissues and organs.
These effects depend mainly on the type of cells and the
dose of ethanol. Even low ethanol concentrations stim-
ulate inflammatory processes in the brain and glial cells
by increasing the expression of cytokines and inflam-
matory mediators and by activating signaling pathways
involving kinases and inflammatory transcription fac-
tors. Receptors that recognize the so-called Molecular
patterns associated with pathogens that include Toll-like
receptors (TLRs) such as TLR4 / IL-1RI can be involved
in ethanol-mediated inflammation because they activate
specific signaling pathways inside the cells and by block-
ing them eliminate the production of alcohol-induced
status mediators inflammatory and cell death.? Chronic
alcohol exposure induces atrophic features in astrocytes,
mainly in the hippocampus, causing a reduction in their
number in the general glial cell population. The reac-
tion of astrocytes to pathogenic alcohol exposure is not
limited only to changes in their number, morphology or
development, but disrupts the regulation of neuro-in-
flammatory processes, calcium signaling and inhibits
the neurotransmission and water-electrolyte balance.

As a result of the action of alcohol, there is a simultane-
ous change in the number of astrocytes and a decrease
in the number of their markers, mainly glial fibrillary
acid protein (GFAP), which may be the direct cause of
degeneration of neurons.?

The harmful effect of alcohol contributes to the dam-
age of glial cells, disrupting the activity of neurons. Neu-
ronal signals, which directly translate into the physiology
of glial cells under the influence of alcohol, significant-
ly interfere with the development, morphology, physiol-
ogy and gene expression of astrocytes, oligodendrocytes,
and microglia. The effects of alcohol on oligodendrocytes
were among the first to draw the attention of clinicians
because they caused serious neurological and cognitive
disorders in connection with myelin pathology.>

Long-term alcohol abuse usually leads to loss of the
white matter of the brain and impairment of the execu-
tive function. In addition to chronic degenerative neuro-
pathology, alcoholics are predisposed to the development
of potentially life-threatening brain stem damage due to a
deficiency of thiamine, which has no toxic effect on neu-
roglia, myelin sheaths and microcirculation.®

The process of myelination of cortical neurons in-
creases during puberty, increasing the speed and effi-
ciency of nerve conductivity, improving communication
between different areas of the brain, leading to rapid
neurological and neurochemical changes. New connec-
tions between neurons which is closely correlated with
pulse control, memory, speech and movement are cre-
ated. During embryonic development, mainly glial cells
are exposed to teratogenic effects of ethanol.*>*

Destructive, apoptotic effects of alcohol on oligo-
dendrocytes, especially in the areas of CNS white mat-
ter and neurons in the developing brain, may explain
the wide range of neuropsychiatric disorders as a con-
sequence of even short-term exposure to alcohol during
fetal life. Destroying oligodendrocytes that begin to
myelinate axons can lead to long-term and irrevers-
ible neurobehavioral disorders. Sensitivity of neurons
to apoptosis is associated with the period of rapid syn-
aptogenesis, while oligodendrocytes coincide during
the most intense myelination.*” Oligodendrocytes have
been shown to undergo maturation changes in the third
trimester of pregnancy in the macaque. The emerging
oligodendrocyte precursor cells first differentiate into
promyelinizing cells and then into the myelinating oli-
godendrocyte.”

It is not known whether the alcohol inducing oligo-
dendrocyte apoptosis is dependent on the same mech-
anism (blockade of NMDA glutamate receptors and
hyperactivation of GABA receptors), which causes neu-
roapoptosis. Existing signaling between neurons and
oligodendrocytes via synapses, suggests similar mecha-
nisms of cell surface receptors triggering these two toxic
phenomena. The specificity of alcohol-induced apopto-
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sis lies in the fact that the cell death of both neurons and
oligodendrocytes is mutually symmetrical. The death of
brain cells exposed to alcohol is accurately reflected by
the same number and distribution of dying cells among
homologous populations of cells in the opposite hemi-
sphere. This feature of alcohol neurotoxicity can signifi-
cantly reduce the ability to recover function, because the
extent of recovery can depend on the availability of in-
tact opposite populations of cells with similar function-
al properties.*

In addition to the impairment of myelination, even
short-term exposure to alcohol disturbs the processes of
gliogenesis, weakens immune function and the time of
inflammatory reactions, leading to increased susceptibil-
ity to infection. The consequence of these changes is the
atrophy of the brain in adults and the reduction of glial
cells mainly in the hippocampus.’ Through the direct in-
fluence of alcohol on neuroglia, specific neurocognitive
proteins are damaged, which contributes to the formation
of oxidative stress and loss of metabolic support for neu-
rons, which also interferes with neurogenesis.*"*

Due to the key roles of astrocytes and oligodendro-
cytes in neurotransmission and signal transduction,
these cells most likely play a central role in the molec-
ular mechanisms underlying communication disorders
associated with alcoholism between different areas of
the brain. It has been shown that there are markers of
astrocytes that change in response to ethanol exposure
or during its discontinuation. These include intercel-
lular protein, glutamate transporters, and enzymes as-
sociated with glutamate and GABA metabolism. Both
changes in proteins and their regulatory pathways cause
dysfunction of gray and white neurons in the CNS. In
addition, alcohol alters the expression of astrocytes and
myelin proteins as well as oligodendrocyte transcrip-
tion factors relevant to the maintenance and plasticity
of myelin sheaths. These changes accompany DNA and
histone modifications resulting in abnormal gene ex-
pression and protein translation.’

It has also been shown that alcohol may cause per-
manent changes in the regulation of cytokines and the
sensitivity of the hypothalamic-pituitary-adrenal axis,
resulting in an immunosuppressive effect, which may
increase susceptibility to infection.**

In conclusion, alcohol is a well-known cytotoxic
agent that causes various types of damage in the brain.
Even short-term brain exposure to alcohol during pu-
berty shows a long-term impairment of the brain func-
tion that does not disappear with age. Changes in the
adolescent brain are difficult to detect because they have
a significant impact on long-term thinking and mem-
ory processes. Understanding the mechanisms of alco-
hol influence on long-term memory and the ability to
learn people who abuse alcohol, will allow the appropri-
ate prevention of alcohol addiction treatment.

Conclusions

- Alcohol consumption causes structural and func-
tional changes in the brain cells.

— Changes in the brain caused by alcohol are irre-
versible.

- Exposure to ethanol during puberty has a signif-
icant impact on the limbic system responsible for
memory and learning processes, causing cognitive
deficits and behavioral disorders during adulthood.

- During the development and puberty period, alco-
hol can cause irreversible changes that affect a per-
som’s life.
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